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Abstract 
Plants produce various essential nutritional substances including natural antioxidants and phytochemicals. These natural 
bioactive compounds confer health benefits which include protection against cardiovascular diseases (CVD), cancer, 
degenerative diseases, stroke, obesity and other illnesses. Young corn or Zea mays ears are commonly used as vegetable. 
It is rarely utilized as raw food materials due to the lack of knowledge of its nutritional value and possible functional 
properties. The present study investigates the ability of young corn as alternative nutritive ingredients to be used in food 
products. Dried young corn contained 30.4 g/100g total dietary fibre (TDF) while aqueous extract residues (AERs) 
recorded 40.91-57.17 g/100g of TDF. Meanwhile, all aqueous extract (AE) samples had very low concentration of TDFs 
at < 1.0 g/100g. Dried young corn had 10.70 g/100g of total sugars with fructose and sucrose being the major sugars 
presented. Among sugars, sucrose was the major component detected in all young corn AEs followed by fructose. AE-90 
min treatment recorded the highest concentration of sucrose (17.08 g/100g) compared to the other treatments which had 
14.20 (AE-60 min) and 13.03 g/100g (AE-30 min), respectively. Contradictory, all AERs treatment recorded low 
concentration of total sugars (1.35-3.70 g /100g). The concentration of protein was increased proportionally with the level 
of young corn powder used in cookies. It is concluded that the aqueous extracts of Zea mays ears contained important 
diabetic-friendly sugar constituents (fructose and sucrose) while it AERs consisted essential dietary fibre compounds. 
Thus, young corn could potentially be an alternative source of dietary fibres and sugars components in processed food 
products. 
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1. Introduction 
Edible plants have long been worldwide exploited for the palatial uses and traditional remedial agents. 
These vegetations have received much interest as sources of biologically active substances among them are 
antimicrobial and antioxidant components. The concern in food rich in dietary fibres and antioxidants has 
grown in the present millennium and the significance of these food components has led to the growth of a 
large market for antioxidant and fibre rich products and ingredient. Dietary fibre is presently defined as the 
‘sum of polysaccharides plus the phenolic polymer lignin that are not hydrolyzed by the endogenous 
secretions of the human digestive tract’ [1]. The intake of dietary fibre and phytochemicals such as 
polyphenols, tocopherols, tocotrienols, carotenoids, and ascorbic acid have been associated to the 
maintenance of health and the defensive from diseases such as cardiovascular diseases, cancer and many other 
degenerative diseases [2]. Various types of edible plants have long been worldwide exploited for the palatial 
uses and other therapeutic applications. However, many of these natural products derived from local plants 
are scantily investigated scientifically and their dynamic bio-active principles have not been properly explored. 
It seems to be so in the occurrence of dietary fibre in certain type of natural product.  
Young corn (YC) is an immature little ear of corn. It is always some variety of sweet corn, which has not 
been pollinated, and is harvested within four days of the silks emerging from the ear. Young corn is the ear of 
maize plant (Zea mays L.) and commonly harvested before fertilization has taken place, depending on the 
cultivar. Generally, YCs are either used as vegetable or eliminated due to the lack of knowledge of its 
nutritional value and possible functional properties. Statistical information on YC production is restricted 
because many producing countries either do not report YC production or include it within the sweet corn 
category. However, Thailand, which is estimated to account for 80 percent of the present world's trade in YC, 
does publish its production statistics [3]. Even though there is no exact latest figure on the YC production in 
last decade, it is believed that Thailand is still progressively exporting larger amount of this vegetable 
throughout the world.   
There are a substantial amount of information on the young corn would be cited in the literatures, however 
some information are lacking especially in relation to its nutritional and chemical compositions. Therefore, an 
attempt is made at determining the nutritional compositions of YCs and it related extracts. The general aim of 
the study is thus to investigate the nutritional compositions of Zea mays ear extracts and it residues. The 
specific aim of the present study is to investigate the ability of YC as a potential alternative natural dietary 
fibres and nutritive sugars ingredients in food. 
2. Materials and Methods 
2.1. Sample preparation 
Fresh young Zea mays ears were harvested from Pantai Cahaya Bulan, a coastal district area of Kota Bharu, 
in the state of Kelantan, East coast of Peninsular Malaysia. The YCs were detached from the fruit stalks, 
cleaned and washed with distilled water. The fresh YCs were then oven dried (Mermert, Germany) at 50ÛC 
until brownish threads were obtained. The dried samples were ground into powder form and kept in screw cap 
bottle at 4ÛC before further analyses. Some portion of the powder was then directly used in the butter biscuit 
formulations and another portion was used in aqueous extraction process. 
2.2. Preparation of young corn extracts 
The dried Zea mays ears samples were boiled in distilled water for either 30, 60 or 90 min [in the ratio of 
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sample to water of 1:10]. The finished extracts were then filtered using filter paper (Whatman no. 1) and the 
filtrate was collected. The remaining residue was re-extracted twice and then the two extracts were combined. 
The water was removed by rotary evaporator (Laborota 4000, Heidolph German) at 50oC to obtain semi dry 
extract. The aqueous extract (AE) was then freeze-dried (Ilshin model TFD5505, Korea) for 24 hours. 
Meanwhile, the aqueous extract residues (AERs) were dried in an oven and placed in a bottle, stopped and 
then stored at -20oC until used.  
2.3. Biscuit baking and formulations 
The biscuits were prepared by using common ingredients such as wheat flour (WF), fat, sugar, egg and 
leavening agent. All ingredients were mixed by using a food mixer until soft dough was obtained. Young corn 
powder (YCP) was substituted with the wheat flour at the level of 0 (100WF:0YCP), 10 (90WF:10YCP), 20 
(80WF:20YCP) and 30% (70WF:30YCP). The biscuit was formed in a square shape with 5 mm of thickness 
and baked at 170Û C for 15 minutes. The biscuits were then cooled at room temperature for 15 minutes before 
being kept in air tight container while waiting for further analyses.  
2.4. Chemical analyses 
Chemical analyses were conducted using AOAC (1996) for moisture, ash, soluble dietary fibre (SDF), 
insoluble dietary fibre (ISF), total dietary fiber (TDF), protein by nitrogen conversion factor of 6.25 [Kjeldahl 
method, [4] and crude fat content using the semi-continuous extraction  [Soxhlet] method [4].  
2.5. Determination of sugar   
Determination of sugar in young corn and it extracts was performed according to AOAC Official Method 
[4]. The analyses of sugar is done using a stainless steel carbohydrate column (300 mm x 4 mm), and the 
solvent system was acetonitrile diluted with deionised water (83+17) at a flow rate of 1.0 mL/min.  
3. Results and Discussion 
Moisture content of fresh YC plants accounted for 90.10% while dried YC recorded moisture at 1.00% 
(Table 1). On the other nutrient, fresh YC had 2.60% protein while dried YC contained a significant amount 
of protein (25.58%). There are a very large number of various protein concentrations occurring in plants. 
Generally, the average percentage of protein in corn is around 10 % [5]. In the present study, the protein 
content of fresh YC detected was comparatively similar than the value reported previously [6] at 2.60%. Fresh 
YC contained 0.51% of crude lipid and this value was significantly lower (P<0.05) than dried YC which 
contained 3.67%. The present result conforms to the previously published article [6] which reported that fresh 
YC contain 0.4% fat. Dried YC recorded very low amount of ash (0.44%) while dried YC had recorded low 
percentage of ash (3.74 %).  
Table 1. Chemical composition of the fresh and dried young corn (YC) 
Sample Water 
Content (%)
Crude Lipid
(%) 
Protein       
(%) 
Ash      
(%) 
Fresh young corn  90.10 ± 1.31a 0.51± 0.06b 2.60 ± 0.24b 0.44 ± 0.01b
Dried young corn  1.00 ± 0.01b 3.67 ± 0.15a 25.58 ± 0.53a 3.74 ± 0.21a
a-d Mean values within the same column bearing different superscripts differ significantly (P<0.05) 
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Generally, dried YC recorded 30.4 g/100g of both IDF and TDF with the absentees of SDF (Table 2). 
Aqueous extract residues (AERs) of YC recorded higher concentration of TDF than aqueous extracts (AEs). 
The effect of heating time was significantly affecting the concentration of both IDF and TDF in all AERs. 
Obviously, the concentration of both IDF and TDF were in line with boiling time. AER-90 min recorded 
57.17 g/100g of TDF significantly higher than both AER-60 min (46.63g/100g) and AER-30 min 
(40.91g/100g), respectively. Meanwhile all AEs recorded TDF at less than 1g/100g. Since, there were no SDF 
detected in all AER samples, thus IDF concentration were similar with TDF in all AER samples. On the other 
result, all AE and AER samples had low concentration of SDF ranging from 0.02 - 0.10 g/100g. Among AE 
samples, the AE-90 min treatment recorded the highest concentration of SDF at 0.10 g/100g. However the 
SDF was not detected in all AER samples. The present results indicated that IDF or TDF were significantly 
occurred in all AERs but insignificantly in all AEs. In addition, the residue or by-product of YC extract has 
significant amount of Total DF. This by-product can be potentially used as an alternative raw material in 
improving dietary fibre in some bakery food products. Indeed, more comprehensive experiment needs to be 
conducted to adequately satisfy its aims. However, the AE samples may contain of other water soluble 
phytochemical constituents such as carbohydrates and sugars.  
Table 2. Soluble (SDF), insoluble (IDF) and total dietary fibre (TDF) concentrations (g/100g) of YC extracts 
Cornsilk sample SDF IDF Total DF 
Dried young corn 0.00±0.00b 30.40±0.02d 30.4±0.02d 
AE (30min) 0.02 ± 0.00b 0.03 ± 0.00f 0.05 ± 0.00f
AE (60 min)  0.05 ± 0.00b 0.00 ± 0.00g 0.05 ± 0.00f
AE (90min) 0.10  ±  0.00a 0.90 ± 0.01e 1.00 ± 0.02e
AER (30 min) 0.00±0.00b 40.91±0.07c 40.91±0.07c
AER (60min) 0.00±0.00b 46.63±0.11b 46.63±0.22b
AER (90min) 0.00±0.00b 57.17±0.13a 57.17±0.16a
AE : Aqueous extract, AER: Aqueous extract residue 
a-g Mean values within the same column bearing different superscripts differ significantly (P<0.05)       
 
High dietary fibre diets are associated with the prevention, reduction and treatment of some diseases such 
as diverticular and coronary heart diseases [7]. Fibre derived from fruits and vegetables have a considerably 
higher proportion of soluble dietary fibre, whereas cereal fibres contain more insoluble cellulose and 
hemicellulose [7]. The main characteristics of the commercialized fibre product are: total dietary fibre content 
above 50%, moisture lower than 9%, low concentrations of lipids, a low caloric values and neutral flavour and 
taste [8]. The ‘ideal dietary fibre’ should have no nutritionally objectionable components, be as concentrated 
as possible, be bland in taste, colour and odour, have a balance composition and adequate amount of 
associated bioactive compounds, have a good shelf life and be compatible with food processing [8]. In this 
study, we found that total dietary fibre of AER (90 min) recorded 57.2% (Table 2). However, to be accepted 
as an alternative dietary fibre, the effects of YC addition in food products need to be studied especially in 
sensorial analysis, rheological and physico-chemical characteristics.  
The concentrations of sugars in YC AEs were presented in Table 3. Dried YC used in the present study 
recorded 10.70 g/100g of total sugars with fructose and sucrose being the major sugars occurred. Generally, 
the concentrations of sugars detected were proportionally with the extraction time. AE-90min treatment 
recorded the highest concentration of total sugars (21.48 g/100g) compared to the AE-60min and AE-30min 
which had 17.09 and 14.21 g/100g respectively. The AE-90min treatment recorded the highest concentration 
of sucrose (17.08 g/100g) compared to the other treatments which had 14.20 (AE-60min) and 13.03 g/100g 
(AE-30 min) respectively. In addition, the AE-90min recorded the highest concentration of both fructose (3.40 
g/100g) and sucrose (17.08 g/100g) compared to other treatments. However, both AE-30min and AE-60min 
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recorded very low concentration of glucose at less than 0.01 g/100g while AE-90min had 1.00g/100g.  
Similarly, all AE samples recorded a very small quantity maltose at less than 0.01 g/100g.  
In the present study, sucrose were the major sugar detected in all YC AEs followed by fructose with very 
minor concentration of both glucose and maltose. There is no such information available regarding the type of 
sugars presented in YC. However, previous study documented that free sugars detected in cornsilks were 
mainly sucrose, fructose, maltose and glucose [9]. In another study, glucose was reported to be the major free 
sugar detected in cornsilk sample (55%), followed by fructose (42%), and maltose (4%) [10]. Further 
investigation need to be done to study the formation of flavour compounds during the heating process of dried 
young corn. Health implications of the type of sugars consumption revealed that moderate intake of fructose 
of less than 50g/day or equivalent to 10% of energy has no deleterious effect on lipid and glucose control and 
of less than 100g/day does not influence body weight [11]. Meanwhile, sucrose has been associated with its 
ability in lowering glycemic index (GI) because they are only 50% glucose while starches have a higher GI 
because they are polymers of glucose and have the potential to be metabolized to 100% glucose [12]. In the 
present study, AE samples had low glucose content (Table 3). Based on our present findings, the YC extracts 
are potentially used as food nutritive ingredients in developing diabetic-friendly food products.  
Table 3. Sugars concentration in aqueous extract (AE) of YC (g/100g) 
  Concentration (g/100g)   
Young corn sample Fructose Glucose Sucrose Maltose Total 
Dried young corn 5.30± 0.04a 0.00 ± 0.00b 5.40 ± 0.02d < 0.01 10.70 ± 0.02d 
AE (30min) 1.17± 0.01d < 0.01b 13.03± 0.01c < 0.01 14.21± 0.01c 
AE (60 min) 2.88± 0.02c < 0.01b 14.20± 0.02b < 0.01 17.09± 0.02b 
AE (90min) 3.40± 0.02b 1.00± 0.01a 17.08± 0.03a < 0.01 21.48± 0.03a 
AE : Aqueous extract; a-d Mean values within the same row bearing different superscripts differ significantly (P<0.05) 
All AER samples had lower concentration of sugar as compared to AE samples (as described earlier). The 
total sugar concentrations in all AER samples seem increased with the boiling time (Table 4). The AER-90 
min sample recorded concentration of total sugar at 3.70 g/100g slightly higher than the other treatments 
which had 2.58 (AER-60min) and 1.35 g/100g (AER- 30 min), respectively. All AER treatments had fructose 
concentration ranging from 1.03-2.06 while glucose and sucrose recorded 0.04-1.56 g/100g and 0.08-0.28 
g/100g, respectively. However, maltose presented at a very low concentration (<0.01 g/100g) in all AER 
samples. The lower level of all sugars in AERs may possibly due to the fact that the sugars are solubilised in 
water and concentrated in AE mixtures.  
Table 4. Sugars concentration in aqueous extract residues (AERs) of YC (g/100g) 
  Concentration (g/100g)   
Young corn sample Fructose Glucose Sucrose Maltose Total 
AER (30min) 1.03±0.01c  0.04±0.01c 0.28±0.01a < 0.01 1.35±0.02c 
AER (60min) 1.59±0.02b 0.99±0.02b <0.01c < 0.01 2.58±0.02b 
AER (90 min) 2.06±0.04a 1.56±0.02a 0.08±0.01b < 0.01 3.70±0.03a 
AER: Aqueous extract residue; a-c Mean values within the same row bearing different superscripts differ significantly (P<0.05) 
Cookie formulated without YC powder (0%) contained higher moisture content than cookies formulated 
with YC powder (Table 5). They former recorded 3.35% moisture while the letter had the value ranging from 
2.05-2.89%. On the other result, the concentration of protein was increased proportionally with the level of 
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YC powder used in cookies. Cookie developed with 30% YC powder recorded the highest protein content 
(9.94%) followed by cookies formulated with 20% (8.14% protein) and 10% (7.59% protein) YC powder, 
respectively. The present findings are in agreement with other previous studies conducted by [13] on 
supplementation of bakery foods with high protein peanut flour and [14] on incorporation of defatted 
soyabean flour for preparation of biscuits. Tiwari and his co-researchers [15] found that pigeon pea by-
product flour had considerably higher protein content than wheat flour added in biscuit formulations. 
Meanwhile, all cookies developed with YC powder and control had fat content ranging from 20.81-21.40% 
and was not significant different among treatments. The percentage of ash in all cookies formulated with YC 
powder had ash content range from 1.06 to 1.78% and significantly higher than control cookie (0.80%). The 
increase in total ash content was also in agreement with pigeon pea by products added to partially replace 
wheat flour in biscuit formulations due to the presence of powder from periphery of the cotyledons [16]. 
Table 5. Chemical composition of the butter biscuit added with dried YC 
Chemical composition  YC powder level (%) 
(%) 0 10 20 30 
Moisture  3.35±0.02a 2.89±0.06b 2.05±0.01c 2.09±0.07c 
Fat 21.40±0.12a 21.01±0.24a 20.81±0.08a 21.12±0.22a
Ash 0.80±0.06d 1.06±0.03c 1.32±0.03b 1.78±0.08a 
Protein 6.77±0.21d 7.59±0.18c 8.14±0.03b 9.94±0.16a 
a-d Mean values within the same column bearing different superscripts differ significantly (P<0.05) 
4. Conclusion 
Aqueous extract residues (AERs) recorded 40.9-57.2 g/100g of TDF, while all aqueous extract (AE) 
samples had very low concentration of TDFs at less than 1.00 g/100g. Sucrose was the major component 
detected in all young corn AEs followed by fructose. AE boiled for 90min recorded the highest concentration 
of sucrose (17.08 g/100g) compared to the other treatments which had 14.20 (AE-60min) and 13.03 g/100g 
(AE-30 min), respectively. Oppositely, all AERs treatment recorded low concentration of total sugars (1.35-
3.70 g/100g). The concentration of protein was increased proportionally with the level of young corn powder 
used in cookies. It is concluded that the aqueous extracts of Zea mays ear contained important diabetic-
friendly sugar (fructose and sucrose) constituents while it aqueous extract residues consisted essential dietary 
fibre compounds. Thus, Zea mays ear extracts and its residues contained important nutritional elements and 
could potentially be an alternative source of dietary and sugars components in processed food products.   
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